A b s t r a c t . The presence of clausthalite in the area of old mining works near Dzieaemorowice in the Sowie Mts (SW Poland) is reported here for the first time. The identification of the clausthalite is based on macro-and microscopic observations, reflectance measurements, chemical analyses and X-ray diffraction data. The clausthalite, together with uraninite, forms veinlets in a breccia comprising <50% calc-silicate rock fragments. Different polishing hardnesses suggest some variation in the mineral structure of individual clausthalite grains. Chemical spot analyses do not reveal elements other than Pb and Se though calculated unit-cell parameters may suggest minor substitution of S for Se.
INTRODUCTION
The area near the village of Dzieaemorowice in the Sowie Mts, SW Poland, has long been known to mineralogists and geologists. The mining history of the region dates back to the 16 th century when silver-bearing ore was exploited in the Johann Georg mine (Steinbeck 1857; Sachs 1906; Dziekoñski 1972) . The works were reactivated in 1711 with the opening of the Gabe Gottes mine and two mines, the Gabe Gottes and the Kaiser Heinrich, were reported active twenty years later (Steinbeck 1857; Traube 1888; Petrascheck 1933; Dziekoñski 1972 ). Both were taken over by the State Mining Authority in 1782. In 1856, von Kramsta founded the Gutes Glück Miners Organization. In 1864, bankruptcy brought mining to a close (Sachs 1906) .
In over 500 years of prospecting and mining, numerous ore minerals had been described from the Dzieaemorowice area. These include Fe, Ni, Co, Bi, Cu, Pb, Zn sulphides, sulphide-arsenides, arsenides and secondary phases, e.g., torbernite, au-tunite, annabergite and erythrite. Thus the finding in 2004 of a considerable amount of Pb selenide (clausthalite), a mineral not previously recorded there, was a surprise.
Three occurrences of clausthalite are known in Poland, i.e., in abandoned polymetallic deposits at Kowary and Kletno (Banaoe 1965; Mochnacka 1967) and the Fore-Sudetic copper deposits (Kucha 1982; Piestrzyñski 1996) . The occurrence and the mineralogical characteristics of clausthalite from the Sowie Mts are documented here.
METHODS OF INVESTIGATION
The samples were found on a mine dump near Dzieaemorowice (Fig. 1) by Krzysztof £obos in 2004. The largest sample, weighing about 0.6 kg, contained veinlets of clausthalite and radioactive phases confirmed with a RKP-1 counter. Polished sections were prepared following standard procedures (Muszer 2000) . Optical investigations were carried out using a Nikon Optiphot 2-Pol microscope at the Microscopy Laboratory of Ore Minerals of the Institute of Geological Sciences, University of Wroc³aw. Reflectance measurements were performed with a P101 Nikon photometer using an SiC-858 Zeiss standard. 1 -cordierite-bearing migmatites and homophanous migmatites, 2 -gneisses, 3 -amphibolites, 4 -quartz-barite and calcite-barite veins, 5 -till, 6 -alluvium, 7 -mining dump, 8 -faults, 9 -abandoned shafts, 10 -foliation, 11 -sampling points Chemical spot analyses were performed with a JEOL JSM-55800LV scanning microscope (beam energy of 20 keV) at the Wroc³aw University of Technology. Clausthalite for XRD analyses was separated by handpicking from crushed rock under a binocular. About 25 mg of the material was used for the measurements which were carried out at room temperature on a powdered sample using a Siemens D5005 X-ray diffractometer (CoK a Fe-filtered radiation, 2q range 25-160°, step 0.02°2q, counting time 3 s/step). The unit-cell parameter was calculated from eight reflections with a tolerance of 0.05 o 2q using the WIN-METRIC programme. The X-ray analyses were performed at the Institute of Geological Sciences, University of Wroc³aw.
GEOLOGICAL BACKGROUND
The Dzieaemorowice village lies within the Sowie Mts block (Grocholski 1967) . The area is underlain by highly metamorphosed rocks, mainly gneisses and migmatites with inliers, lenses and tectonic blocks of granulite, amphibolite, serpentinite and calc-silicate rocks (¯elaŸniewicz 1987; Gunia 1997) . These are cut by porphyries, kersantites, aplites as well as quartz-barite and calcite-barite veins related to the Variscan orogeny (Dathe, Finckch 1906 -1921 Haydukiewicz et al. 1982) .
The gneisses are mainly biotite gneisses. A two-mica type occurs locally in the southern part of the Sowie Mts block. The gneisses are characterized by layering, lamination and augen structures. They are composed of quartz, feldspars and micas with subordinate garnet, cordierite, kyanite and sillimanite and accessory apatite, zircon and Fe oxides (Kryza 1981 (Kryza , 1995 ¯elaŸniewicz 1990) .
Migmatites with stromatic, phlebitic and nebulitic textures also occur in the area investigated (Gunia 1997; ¯elaŸniewicz 1987 , 1990 ). According to Smulikowski (1952) , they are mostly vein migmatites (arterites) with veins of medium-grained two-mica granite following the gneiss foliation. In places, leucosome segregations pass into pegmatitic streaks or quartz veins. Some of the migmatites are layered rocks with alternate black (biotite) and white (quartz-feldspar) layers (Smulikowski 1952; Gunia 1985) . Finckch (1923) suggested that the migmatites of all these types were formed by the metamorphism of greywackes and pelites.
ORE MINERALIZATION
Ore mineralization is associated with quartz-barite and barite-calcite veins which, in places, also contain fluorite (Buch 1802; Fiedler 1863; Förster 1875; Traube 1888; Petrascheck 1933) . The veins follow Sudetic dislocations in the gneisses and migmatites of the Sowie Mts block (Kowalski 1977) . During the exploitation of the ores, five veins were described and named and their names given to the mines: Gabe Gottes, Haus Hohenzollern, Gut Glück, Leopold, Wilhelmine; the sixth barite vein was not named (Traube 1888) . Mining led to the recognition of mineralogical differences between the veins. The precise location of ore minerals within the veins is not possible due to the lack of documentation.
In the Gabe Gottes mine, silver-bearing galena occurred in barite-fluorite-quartz veins together with tetrahedrite, nickeline, smaltite, sphalerite, pyrite and Cu-bearing minerals (Hoehne 1935). In the Gut Glück mine, a calcite vein contained fine-grained smaltite, nickeline, chalcopyrite and, according to Petrascheck (1933) , nickeline as inclusions in chloanthite. Chalcopyrite and tetrahedrite were identified in the Haus Hohenzollern vein (Traube 1888) . Some tetrahedrite crystals reached 0.5 cm and were coated by chalcopyrite. In the now nonexistent hamlet of Kolonia (Schwarzgraben) near Dzieaemorowice, a tetrahedrite-bearing vein also contained stephanite with freibergite (Petrascheck 1933) . The Leopold and Wilhelmine veins contained mainly chalcopyrite. Fluorite with chalcocite, tetrahedrite, sphalerite and pyrite occurred in the unnamed barite vein (Traube 1888 , Petrascheck 1933 ). In the Dzieaemorowice area, apart from the Ni-Co ores, rammelsbergite with chloanthite and linneite were identified in a calcite vein (Hoehne 1936) and arsenopyrite in a quartz-calcite vein (Hoehne 1942 ). Annabergite and erythrite were also noted (Hoehne 1951 (Hoehne , 1953 .
During post-war prospecting by the Polish Geological Institute, the occurrence of bismutite, bismuthinite, magnetite, marcasite, bornite with covellite and radioactive minerals was noted. Lis and Sylwestrzak (1986) described Bi-bearing minerals in a tectonic zone trending 300-340 o and dipping 60-90 o to the SW. Bismuthinite occurs in 3-10 cm quartz-calcite veins with chalcopyrite, magnetite, arsenopyrite, sphalerite, cobaltite, nickeline, galena, marcasite, pyrite, pitchblende and secondary uranium--bearing phases. Bornite occurs with galena, sphalerite, covellite, chalcopyrite and pyrite in a quartz-barite vein, which follows an NW-SE tectonic zone. Minerals containing radioactive elements were also noted in tectonic zones. Uraninite, together with torbernite and pitchblende, occurs to a depth of 345 meters in a tectonic zone.
According to Petrascheck (1933) , the barite veins (and ore mineralization) are related to Early Permian porphyries and the mineral paragenesis reflects low temperature crystallization. The barite-quartz veins formed at 150-220 o C based on 18 O and 34 S isotope data (Kowalski 1977).
THE DZIEAEMOROWICE CLAUSTHALITE
Clausthalite (PbSe) occurs in samples of tectonic breccia found on a mine dump between the villages of Dzieaemorowice and Stary Julianów (Fig. 1) . It forms irregular veinlets <0.5 cm thick filling spaces between fragments of calc-silicate rocks. The veinlets are particularly numerous in strongly brecciated samples and can comprise up to 50% of a sample (Fig. 2) . The veinlets contain also blades of extremely anisotropic graphite and small amount of uraninite. Macroscopically, the clausthalite resembles galena but does not display the characteristic cleavage of the latter. The lustre, higher than that of galena, is typical of clausthalite. A polished surface lacks the triangular cavities typical of galena.
Characteristically, the aggregates of clausthalite lack macroscopically discernible admixtures of other ore minerals that are typical of hydrothermal deposits. Microscopic observations reveal minute (5-10 mm) uraninites along the boundaries of, and within, the clausthalite grains. The clausthalite grains are xenomorphic and exhibit varying susceptibility for taking polish which may suggest a non-homogeneous composition.
Reflectance measurements in the range 440-700 nm show some differences between the investigated grains and various clausthalite standards (Table 1) . The reflectance dispersion curve (Fig. 3) is similar in shape to that of a synthetic clausthalite given by Criddle and Stanley (1993) . In reflected light, the clausthalite is isotropic and its reflectance R in white light is significantly higher than that of galena (Table 1) .
Spot chemical analyses (Fig. 4) reveal a composition comprising Pb (73.38 wt.%) and Se (26.62 wt.%). No other elements were detected. The chemical composition of the investigated material differs from that of the IMA standard (Criddle, Stanley 1993) only by 0.38 wt.% for Pb and 0.58 wt.% for Se.
The X-ray diffraction pattern for the Dzieaemorowice clausthalite corresponds well (Table 2 ) with the JCDP 85-237 clausthalite standard given by Wyckoff (1964) . The unit-cell parameter, calculated within the constraints of a cubic crystal system from the eight reflections indexed (peak 111 was not used), is a = 6.108±0.001 C, being slightly lower than the values of a typical clausthalite -a = 6.124 C (op. cit.). This may indicate a minor substitution of S 2-(ionic radius: 1.74 C) for Se 2-(ionic radius: 1.91 C). The presence of S in the clausthalite cannot be detected in the EDS spectrum (Fig. 4) due to the much stronger overlapping signal from Pb. No spatial relationship of clausthalite with the Ni-Co and Pb-Zn-Cu phases that are well known in the Dzieaemorowice area was noted. Apart from uraninite, no accompanying ore minerals were seen in the polished samples. Thus, the position of the clausthalite in the crystallization sequence of the ores from Dzieaemorowice has not been established. miedzi na monoklinie przedsudeckiej. Clausthalit z Dzieaemorowic poddano badaniom mikroskopowym w oewietle odbitym, punktowym analizom chemicznym na mikroskopie scanningowym i rentgenowskiej analizie dyfraktometrycznej. Ziarna izotropowego clausthalitu s¹ ksenomorficzne i zawieraj¹ wrostki uraninitu oraz grafitu, maj¹ refleksyjnooeae wy¿sz¹ od galeny i nie wykazuj¹ obecnooeci trójk¹tnych wykruszeñ, charakterystycznych dla tej ostatniej. Krzywe dyspersji refleksyjnooeci s¹ zbli¿one do krzywych podawanych w literaturze, podobnie jak wartooeae parametru komórki elementarnej a = 6,108±0,001 C (standardowo a = 6,124±0,001 C). Ró¿nica ta mo¿e sugerowaae niewielkie podstawienie siarki za selen, aczkolwiek punktowe analizy chemiczne wykaza³y obecnooeae tylko o³owiu -73,38% wag. i selenu -26,62% wag. Z uwagi na typ wyst¹pienia w formie luŸnych bloczków i brak innych minera³ów kruszcowych nie uda³o siê ustaliae pozycji clausthalitu w mineralizacji kruszcowej (Ni, Co, Pb, Zn i Cu) rejonu Dzieaemorowic. Autorzy podejrzewaj¹, ¿e mimo pokaŸnej koncentracji w znalezionych okazach clausthalit móg³ unikn¹ae wczeoeniejszej identyfikacji z uwagi na makroskopowe podobieñstwo do galeny.
